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THERMAL IONIZATION OF ALUMINIUM AND 

determination of the specific charge of AP 

By 

A. S. Bhatnagar, M. Sa, D. Phil. 

Plivstf-s DiPAKTMEMT, AlLAHABAD UNIVERSITY 
Vow IN C. I. R. I.ABORATORIES, DeT.HI 
(C .otnniuiufRti'cl l>y Ub- R* N. SriviistiivA, D. Sc.) 

Austuao'i' 

ThiMlito-manonizaiii.nr.fAlummiumhas been studied employing the vacuum 

™nhl» furaa.* l.y S.aha and Tandon. The problem i, eaperimentally 

more di'nmll.han for other element due to the low vapour pressure and large 
iontatlon potential of .dumini tm, and ha, neoeMitated some modiacation m the 

,„„al experimental arrangement. The me.,„ value of the energy of ton, natron .. 

tbnni’tr'lre ldd'‘l hi. eai,. which is in good agreement With the spectroscopically 

determined value within limits of csxpcrimental error. 

Following tlic method developed in the paper on lithium the ejm for Al has 

a,., l:Lete’;minod hy applying the 'P- *“To“e Tullm 

current produced by AI+ ion. The value obtained is 1-22 X 10 * e. s. ./g 

I. Introduction 

In the present paper the thermal ionization of aluminium has 
boeu studied and the specific charge of Al 

studies were made with Lithium (Srivastava and J 

and calcium (Bhatnagar 19*7). A full account of the apparatus 
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used for the study of thermal ionizHtioa has Ijet'ii Uy Srivas- 

ta*/a (1940). In order to detcrmhu; the .specirn- ch.-iryn! a simiitT 
electromagnet has been recently iticludw! in ihe .in|>ar.iius. A 
complete description of the dectromagmu, of ilu- exprrjmriifal 
procedure for determining the .spf'cilic t hurge of iom, ami of iln; 
theory underlying the method is givc-n in the papj-r .m lithium, 
(Srivastava and Bhatnagar 1 946), 

The method is applicable only to unipolar eiirrents, i.e., the 
currents produced by one type of charged part ick.s. I'his condition 
is experimentally realised by deflecting away tl:€ c4cctro«.s frr»ra the 
effusion beam, with the help of the electromagnet. 'Ute niethot! 
gives very satisfactory results, and helps in the idcntifieatimi of the 
particles producing positive currents in the .study of the thmnal 
ionization of elements. 

2. Thermai, Ionization of Altminh^m. 

The problem has greater experimental difficulties than hitherto 
encountered m our study on the thermal ionization of elements 
due to the fact that aluminium has a very bw vapour pressure anti 
even at temperatures as high as I500“^K of the container in which 
the element is placed during the experiment, no measurable ioniza- 
lon was produced in the main furnace. After a large number of 
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trials, it was found that no separate side-tube attached to the main 
furnace and heated by conduction from the latter, as has been 
employed so far in all previous experiments, could produce the 
retpured temperature. The side furnace was, therefore, dispensed 
with and in its place, a small plug (see fig. 1) with a shallow cavity in 
its neck was screnved on to the main furnace such that the substance 
contained in the cavity was in level with the walls of the main 
furnace and had the same temperature as that part of the graphite 
tube- 

This portion of the tube is at a lower temperature than the 
central part of the graphite furnace, but is incandescent enough to 
enable its temperature to be read with the pyrometer, which has been 
throughout emi>loyed to hud the temperature of the main graphite 
furnace. Aluminium in the form of fine powder was introduced in 
tlie cavity at the top of the plug which w'as then screwed on to the 
main furnace. 

The ionisation currents produced by electrons and the positive 
ions were measured at various temperatures and the corresponding 
equilibrium constant K calculated with the help of the following 
relation (Sec Srivastava 19.^8 eqn. 15) 

.. ‘iTtkTtT'^+d'Y’iifiii VmiXrnt, 

I (T-blsTlOT ■ ■ ■ 

where r ■= tlu; radius of the aperture in the limiting diaphragm. 

the distance, between the effusion hole and diaphragm 
S - area of fhe effusion hole, and all other quantities have 
their usual significance. 

The ioni/.ation formula 

log A’- log 

“ '"4 r.7sr t"*' ■I-Iog 2 H-iog y (rj-iog b {v, (21 

with the help of (1) then gives U, the energy of ionization per gram 
atom. The term b{T} comes out to be 2 0000 and h'{T) — 1 0000. 
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The available data oil t!ie vajjour prasurc of ahmiininui fnrm- 
nately cover the range of tcmpcraiurc over uiitrli olMrr^.itii.iiN havi- 
been taken in these experiments. 

Table I gives the re.stilt.s on the tl ennat bniz.abri of .ilnmiuiuit). 
ig~ and columns 4 and 5 are the /ero-lidd value , of the 

current obtained as explained in the paper on thermiouir uoik 
function of graphite (Bhatnagar, 1944). The value of ihc r uergy of 
ionization so obtained agrees well with the .spertro.^<o} u.dK thur- 
mined value. 


Radius of effusion hole** 0*8 mm. 

Radius of the aperture in the limiting diaphragm 1.2 mni, 
Distance of diaphragm from cfliision hoic^-« HI mm. 
Sensitiveness of galvanometer-* 1 *25 ' Itr* amp, ram. 


Temp, of Temp, 
graphite of Aux. 
furnace rfurnace 

T (Abs)ir(Abs) 

ilog/» in 
main 
ifurnace 

j 

i 

\ 

fV 

m 

mm 

i-f' 

Hi 

ram 

1 ag h 
, .AtmovS ; 

i 

j f/in K 

1 i * i i 1 ,s 

i 

1840 

1660 

1-2223 

1500 

-]') 

15-7373 

1 

1850 

1665 

1-2479 

i 

[ 

1.530 

30 

lO'lM'lM 

1 

137-3 

1863 

1675 

1 1-3731 

2010 

50 

15*81 12 

135-3 

1878 

1683 

j 1-3987 

i 

2280 

65 

15*91! 2 

135-6 

1903 

1705 

i 1*5233 

4200 i 

83 ; 

1 14* 1039 i 

1 135-3 

1908 

1705 

1*52441 

36(MJ ' 

i 

80 ; 

14*0810 1 

136-4 

1930 

1 1725 



1*6244 

5100 1 

1 

95 : 

14-2120 1 

136-9 
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3. Determenation of ejm. 

After tb.e aluminium has been ionised in th.e main furnace, tlie 
prodticts of ionization consisting of electrons and ionised atom efi'use 
t)iitoftlu; efliision hole. 1‘he electrons arc deflected off from the 
eflusing beam by the electromagnet, as they traverse the path bet- 
ween the efrusion hole and the limiting diaphragm, and only the 
positive ions, wliich are very little affected by the magnetic field, 
enter the space between the diapliragm artd'hjthe Faraday cylinder, 
'fhe |)osiiive ions are collected by the Faraday cylinder which is 
maintained at a suitable negative potential, and the flow of the 
positive ions bom the diapl'i’agm to tlie Faraday cylinder constitutes 
the I'lii polar positive currents to which the space charge theory may 
be a|>p!ied. 'I'he ciu’veuts are tneasincd at various accelerating 
voltages (sec tabic U„* and are given bv the relation (Srivastava 19-16 1 


\/;f/ r y/M'-’/ ’ 

1)5? 1, m ) -V" 


ap|)rox.. 


■where A «« the intcrclectrode distance, i.c., the distance between the 
diaphragm and the Faraday c.ylindcr, and /I = the area of the aperture 
in the lirnti ting diaphragm. 

I’ABLl': 11 

r- 1850*’ K, .v-21 mm, A -ttx (fl‘42)‘'' sq. cm 


d in mm 
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Plotting against F wc get the curve of Fig. 2. 'Fhe slope of 
the curve which is equal to 


A T¥* 

JfeU/ V“. 



from equation (3) then enables us to calculate ,> m. Ihe value of 
e/mso calculated is 1*22 e.s.u./gm which agrees well will* the viilue 
for A1+ obtained by direct calculation and establishes bc yotul doubt 
that the positive current in the experiment on the thermal ionization 
o , alummium ^ is due to- AL*^ As sliowri 'by Sriva^tavii 'i*l|ir^ this 
method is capable of yielding values of c w correct to aliout 1 

My sincere thanks are due to Or. B. N. Srivastava, under 
w ose gu dance this work was done at the University of Alialialiad 
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STUDY OF THE COMPLEX FORMATION BETWEEN MER- 
CURIC CHLORIDE AND SOLUBLE CHLORIDES BY THE 
ELECTRICAL CONDUCTIVITY METHOD 

Part fl Sttuy ot the HgClj -KCl system 

fiv 

Aki'h K. Dey 

Di-pariinent of Cht'mistry, University of Saugar 
i'Read iU tlw Annual Meeting of tlv Academy on 22nd November, 1947) 

ABSTRACT 

In p ni i of the seri<'S, the ci impositions of chloromcrcuric acids have been studied 
iiy the elei-trkal t ondueti-, ilv method. In this paper the compositions of chloromer- 
c iiiatCi, restiUiug in the complex formation between mercuric chloride and potassium 
chlori Jc have Ijecn tloiciilH;.!, 't he method adopted Icjr the study is the same as 

folloivcd by the author f>»r the study of various complex forming systems. The con- 

tl activity curves giv,’ in lit* itions <4 the formation of the following complex compounds: 
KCl, HgChj! ; 2KC! , HKC!.,air:l 4Ke.I, HgCl.,. 


iNTROmrCTlON 

A largo aiwnirtt of work ha.*: been carried on the nature of the 
cotnpie.K tnercuric compounds. In recent years Bhagwat and Toshni- 
witl* iuvcsiigalttd the behaviour of mercuric chloride in aqueous 
solutions, yajnik and Uberoy® adopted some physico-chemical 
methods for the study of complex formation between mercuric salts 
and solublt; halides, and Pernot^ and Gallais'* studied the complex 
formation in non-aqueous solvents. Samuel and co-workers® studied 
tlie complex system by specti'oscopy and Nayar and Saraf® investigated 
the Raman Sptxtra. Some of the workers are in favour of assigning 
the formula R.HgX* to the complex formed, whereas others favour 
HgX'a as the formula for the complexion. Thus Krishnamurti'^, 
A 47-3-2 
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Braune and EnglebrecU" and Bemslein and Marlin’' are in lavnnr of 
the latter formula for the com{jlex. On tim other iiami .So!.inki and 
Joshi^" by conductivity, viscosity and rdVaciivity measureiiH-iitH claim 
to have obtained the evidence for tiu: existme*; of tin; following «*om- 
pounds . 10K.I, HgCilg j 20K.I, HjgCjljj and HgC*!.., Wiiich 

however have not been confirmed by otiicr workers. 

In view of the conflicting results obtained by varioti.s workers 
we undertook the study of thi.s problem and in Part I of tbe .seric.s” 
we have investigated the complex formation betweeii mercuric chloride 
and hydrochloric acid. In this paper the wmrk has been extended to 
the study of mercuric chloride-potassium chloride sy.stem. 

Experimental 

Specific conductivity values for solutions of M/20() mercuric elilo- 
ride of different concentrations of potassium chloritk; and al.so for mix- 
tures of various compositions were accurately determined at SCi", 


The experimental re.sults are given tn the following tables. 

of M/200 mercuric chloride « 6. 343 x lO”* 

Tabi.e I 

Specific conductivity of potassium chloride at diflcrcnt dilutions. 


Concentration 

M/10 

M/20 

M/30 

M/40 

M/50 


EJcrtrirnl londucti- 
vity in 10 * mho* 

12.B4 


4.792 

3.537 

2.850 
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)nccntrati')n. 


Electrical conducti- 
vity in 10“® mohs 

M'GO 

... 

2-420 

\f:70 

... 

2-096 

MHO 


1-798 

M 90 


1-713 

M'/lOO 


1-416 

M/110 

... 

1-329 

m;i2o 


1-237 

M/MO 

... 

1-014 

M/160 

... 

0-9282 

M/IP.O 


0-8078 

M 200 

... 

0-7356 

M/2‘10 

... 

0-6326 

.M 2H0 

Tabim 11 

0-5462 


Spccifu- conductivity of mixtures of mercuric chloride and potassium 
chloridt' of various compositions. 


Final concentrations of the 


constituents in tlic mixture 

Ratio 

Specific 

conductivity 

HkC:L KCll 

HgClL : KCl 

1 O'hnhos 

M/20:) M;1 

1 

: 20-0 

1 3-074 

M420 

* * /' •* 

1 

: 10-0 

6 973 
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Final concentrat'ons of tiie 


constituents ir 

the mixture 

Ratio 

Si',t eili.- 

HgCI. , 

KCI 

HgCI, 

: KOI 

i.find'U'fivify 
Itr-* inohs 

M/20a 


1 

: 

4 . il.56 

}> 

Mm 

i 

: o.OO 

1 , 5H.5 

r?- 

.M oft 

1 

: 1.00 

2 . 0(,i ! 


M/6(t 

1 

; 



M/7(> 

1 

: 2J:<i 

(20 


M/HO 

1 

: 2.f»ti 

1 .Klo 


M/fO 

1 

; 2 . 2 2 

! , 710 

?* 

M/lOO 

1 

: 2.00 

! . 16.5 


M/1 10 

1 

: I.H2 

i .'M.! 


M/120 

1 

; 1 .67 

1 .MO 

* r- 

M/140 

i 

: 1 .11 

i .02,7 

tr* 

M/160 

{ 

: 1.25 

n .*t}25 


M/IfO 

1 

: 1.1! 

ft . ff22 1 

r?' 

' M/20 > 

1 

: 1 .f ft 

ti.757!t 


M/24(t 

1 

: 0.B1 

iM, no 


M/.8{) 

1 

: 0.71 

0.55.15 


Discussion of REsui/rs 

It is well known that the physical properties of mixtures rot yield- 
ing complexions are additive. The converse is also true ai cl any el ange 
in the physical properties of mixtures is usually due (o cotrif lex forma 
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tion. iioni the cxperimcutal data recorded in this paper the percentage 
change in electrical conductivity due to the complex formation bet- 
ween mercuric chloride and potassium chloride have been tabulated 
below. 

T.-VBI.E III 


Mi.xturc.s of mercuric chloride and potassium chloride 


Composition 

Sum of the 

Observed 

Difference 


of the 

conductivities 

conductivity 

in 

Percentage 

mixture 
HgGIg : KGi 

of the 
constituents 
in lO"^* mho.s 

of the 
mixture 
in 10”’* mhos 

1 0“‘ mhos 

difference 

1 ; 20.0 

12.84 

13.074 

2.34 , 

1 .81 

I : 10. U 

6.869 

6.973 

1 .04 

1.51 

1 : 6.67 

4.798 

4.856 

0.58 

1 .21 

i : 5.00 

.3.543 

3.. 585 

0.43 

1.18 

I ; 4.00 

2.862 

2.961 

0.99 

3.46 

I : 6.35 

2.426 

2.552 

0.26' 

1.07 

1 : 2.86 

2.102 

2.120 

0.18 

0.86 

1 : 2.50 

1 .804 

1 .816 

0.12 

0.66 

1 : 2.22 

1.719 

1 .749 

0.30 

1.74 

1 : 2.00 

1 .422 

1 .465 

0.43 

3.02 

1 : I.B2 

1 .335 

I .342 

0.07 

0.42 

1 : 1.69 

1 .243 

1 .249 

0.06 

0.48 

1 : 1.43 

1 .020 

1 .027 

0.07 

0.69 

1 : 1.25 

0.9.345 

’ 0.9425 

0.08 

0.86 

1 : 1.11 

0.8141 

0.8221 

0.08 

0.98 

1 : 1.00 

0.7419 

0.7579 

0.16 

2.15 

1 : 0.83 

0.6389 

0.6419 

0.03 

0.47 

1 : 0.71 

0.5525 

0.5.545 

0.02 

0 . 36 



Percentage difference of Electrical conductivity 
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From the above tabic a grapli has !>.‘en plotted with pert ijutagc 
difference in conductivity against the composition of the mixtero 
The curve shows sharp breaks corresponding to the foilrnvirig composi- 
tions of the mixture : IKGI, 2KCI and 4KCI for 1 molecule of figCj... 
Thus wc conclude that the follow'ing chloromercuriatcs arc hirmetl bv- 
complex foririation between mercuric chloride and potassium chloride ': 
KGl, HgGla ; 2KG1, HgClg and 4KG1, HgCl^. It \vill he of 
interest to remember that in Part I, similar complexes were found 
to be present in a mixture of mercuric chloride and hs drodtiorir acid 
solutions. Some workers have reported the formation of a <-ompoutid 
1/2KG1, HgGlg, which was not found by us, a.s we did not work 
with extremely dilute solutions of pota^ium chloride. It is !ik< !y 
that this Compound may also exist under suitable conditions. 


Conductometric Study of ffgCI, KCl .Sysic,,, 



Values of the fraction ; cone, of KCl /cone. H«CI, 
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From these studies, I am of opinion, that since several well defined 
compounds are capable of existence, involving various proportions of 
,mercuric chloride and potassium chloride the wide variation in the 
compositions of these complexes as found by different workers is quite 
likely, as their products may easily be a mixture of one or more of such 
complexes. 
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